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DESCRIPTION 

METHOD FOR SUPPRESSIN G DNA FRAGMENT 
AMPLIFICATION DURING PCR 

Cross-Reference to a Related Application 
This application is a continuation-in-pan of co-pending application Serial No. 08/381,572, 
filed January 27, 1995. 

Background of the Invention 

Recently, a method for the enzymatic amplification of specific segments of DNA has been 
described. This method, known as polymerase chain reaction (PCR), is based on repeated cycles 
of denaturation of double-stranded DNA, followed by oligonucleotide primer annealing to the 
DNA template, and primer extension by a DNA polymerase (Muliis et aL Patent Nos. 4,683,195, 
4,683,202, and 4,800,159; Saiki et aL 1985). The oligonucleotide primers used in PCR are 
designed to anneal to opposite strands of the DNA, and are positioned so that the DNA 
polymerase-catalyzed extension product of one primer can serve as the template strand for the 
other primer. The PCR amplification process results in the exponential increase of discrete DNA 
fragments whose length is defined by the 5 ' ends of the oligonucleotide primers. 

Application of PCR to isolate and analyze a particular DNA region requires knowledge 
of the DNA sequences flanking the region of interest This generally limits amplification to 
regions of known DNA sequence. In the absence of the necessary sequence information, PCR 
amplification of a target DNA fraction in a complex DNA population is likely to result in the 
amplification of non-target DNA. Although methods have been developed to help overcome this 
problem, they have met with only limited success or application. These technologies have been 
used primarily for cloning populations of differentially expressed genes, for analyzing differences 
between two complex genomes (target DNA population) after subtractive hybridization of two 
complex DNA (or cDNA) mixtures, and for preparation of an "equalized cDNA library" (l&, a 
cDNA library containing an equal abundance of all the cloned genes). 

For selective amplification of target DNA, the target DNA is usually purified from non- 
target DNA using labor intensive and generally unreprodudble physical separation techniques 
such as hydroxyapaUte chromatography (Tunbiin et aL, 1990; Ko, 1990), a streptavidin-biotin 
interaction (Wang et aL, 1991) or oligo (dT)«latex beads (Hara et aL, 1993). Another technique, 
known as "Coincidence Sequence Cloning," permits the selective amplification of common 
sequences shared between two complex and partially coincident DNA mixtures (Brookes et aL, 
1991). However, this procedure requires an M13 phage cloning procedure to produce the single- 
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stranded DNA, as well as a preparative gel electrophoresis step to purify the -coincident 
sequences- before initiating the PCR amplification. 

Techniques such as "chemical cross-linking subtraction" (Hampson et aL, 1992). 
-vectorette" adapter technology (Riley « al, 1990) and "representational difference analysis" 

5 (Lisiisyn * aL, 1993) have been developed which eliminate the physical separation step, thereby 

simplifying the technology for selective target amplification. However, -chemical cross-linking 
subtraction" can only be applied to mRN A-cDNA subtraction procedures and "vectorette" adapter 
technology requires knowledge of partial sequence information (the inner primer sequence) of the 
target DNA to be amplified The highest efficiency of selective amplification of target DNA has 

10 been achieved using the simple -representational difference analysis" technique. This method is 
based on differences in the efficiency of exponential amplification of target DNA and the linear 
amplification of non-target DNA through the use of a special adapter design. 

In view of the problems and limitations associated with each of the amplification methods 
discussed above, there remains a need for a method of enhancing the specificity and sensitivity of 

15 target DNA amplification. Such a method has been described, in part, by Lukianov « aL, 1994. 

Application of the subject invention during PCR efficiently suppresses non-target DNA 
amplification while allowing for the exponential amplification of target DNA sequences. 

R fflV»f Summary nf the Invention 
20 The subject invention pertains to a unique method for the efficient suppression of DNA 

fragment amplification during polymerase chain reaction (PCR). In a preferred embodiment, the 
method of the subject invention uses a double-stranded adapter that is attached to each end of 
a target double-stranded DNA fragment. The adapter comprises an -outer" complementary 
primer binding sequence portion and an -inner" suppressor sequence portion. 
25 The suppression method of the subject invention uses a PCR primer which is shorter in 

length than the adapter and is capable of hybridizing to the primer binding portion of the adapter. 
Upon initiation of PCR after the denaturadon step, the single-stranded DNA (ssDNA) fragment 
bearing the complementary slngle-stranded portion of the adapters at each end of the ssDNA 

fragment may form either a self-annealing -pan-like" structure (ampl ification suppressive 

30 structure) or a DN A/primer "hybrid" structure (amplification permissive structure). The relative 
ratio of formation of the two structures using the subject method during PCR cycling depends on 
a number of factors, including the differences between the melting temperatures of me suppressive 
and permissive structures, the position of the complementary primer binding site within the 
adapter sequence, and the size of the DNA fragment to be amplified. Using the teachings 
35 provided herein, these factors can be manipulated to achieve the desired suppression of non-target 

DNA during PCR amplificatioa 
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Hie method according to the subject invention can be used for the selective amplification 
of target DNA fragments in a complex DNA mixture and can also be used to selectively control 
the size of PCR products which can be amplified in a reaction. The subject invention is 
particularly suitable for use with a variety of PCR and molecular biology applications. 
5 The subject invention also pertains to novel adapters used with the PCR suppression 

method of the subject invention. In addition to the adapters specifically exemplified, a wide 
variety of adapters for use with the subject method can be readily prepared using the teachings 
disclosed herein. 

10 Brief Description of the Drawing 

Figure 1 shows a schematic representation of the general PCR suppression mechanism 
of the subject invention. 

Figure 2 shows a schematic representation of the selective amplification of DNA 
sequences that are common to two different DNA mixtures using the subject invention. 
15 Figure 3 shows a schematic representation of the preparation of a uniform-abundance 

cDNA population using the subject invention. 

Figure 4 shows a schematic representation of the preparation of a subtractive cDNA 
library having a uniform-abundance cDNA population using the subject invention. 

Figure 5 shows a schematic representation of the preparation of a cDNA library 
20 corresponding to poly(A) + RNA from a total RNA template using the subject invention. 

Figure 6 shows the PGR amplification products after 5'- and 3 '-RACE of human /?-actin 
cDNA (lanes 2, 3) and human transferrin receptor cDNA (lanes 4, 5) resolved on a 1.2% 
agarose/ethidium bromide gel. Human placenta double-stranded cDNA ligated with the T7-NotSrf 
adapter was used as a template. Lanes 2 and 4 show 5'-RACE products, whereas lanes 3 and 5 
25 show the 3'-RACE products. Lane 1 is a negative control (te t PCR amplification using only one 

5'/3' -universal primer). Lane M contains 1Kb DNA size marker. 

Figure 7 shows "one-sided" PCR amplification products that were resolved on a 1.2% 
agarose/ethidium bromide gel. The amplification products were generated by "walking" upstream 
from exon 2 of the human TP A gene using the subject invention. PCR products in lanes 1-5 were 
30 obtained from human genomic DNA digested with: EcoRV (lane 1), Seal (lane 2), Dral (lane 

3), PvuII (lane 4) or Sspl (lane 5). The outside lanes (M) show a Ikb DNA size marker. 

Figure 8 shows the 6Skto myosin cDNA PCR product obtained after size selective 
amplification of human skeletal muscle double-stranded cDNA ligated with adapter Na21-Stl9. 
Lane 1: 15 cycles of PCR using inner primer Stl9. Lane 2: 19 cycles of PCR using outer primer 
35 Na21. LaneM: DNA size markers. 

Figure 9 shows the PCR products amplified using a template of ds cDNA ligated with 
adapter T7-NoiSrf. double-stranded cDNA was synthesized from either human skeletal muscle 
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poly(A) + RNA (lanes 1, 2) or total RNA (lanes 3-5). Lanes 1, 4, and 5: 19 cycles of PCR. 
Lanes 2 and 3: 15 cycles of PCR. Lane M contains DNA size markers. 

Figure 10 shows the PCR enrichment of plasmid DNA after subtractive hybridization. 
Lane 1: skeletal muscle cDNA fragments mixed with 0.1% plasmid DNA (PWX174) digested by 
5 Rsa I before subtraction. Lane 2: The same as in lane 1 but after subtraction- Lane 3: The 

same as in lane 2, but using 0.01% of plasmid DNA initially digested by Rsa I. Lane 4: skeletal 
muscle cDNA digested by Rsal (without plasmid DNA) after substraction. Lane 5: plasmid DNA 
(PhiX174) digested by Rsal. Lane M contains lkb DNA size marker. 

Figure 11A and 11B- Northern blot analysis of unsubtracted (11A) and subtracted (11B) 
10 testis cDNA The multiple tissue Northern (MTN) blots contained approximately 2 fig of poly 

(A) + RNA from human (1) heart, (2) brain, (3) placenta, (4) lung, (5) liver, (6) skeletal muscles, 
(7) kidney, (8) pancreas, (9) spleen, (10) thymus, (11) prostate, (12) testis, (13) ovary, (14) small 
intestine, (15) colon and (16) peripheral blood leukocyte. Hie exposure times were: (A) 14 h and 

(B) 4 days. 



15 



Brief Descript ion of the Sequences 

The SEQ ED NO. for the nucleotide sequence of the adapters corresponds to the 
nucleotide sequence of the upper nucleotide strand shown in Table L 

SEQ ID NO. 1 is the nucleotide sequence of the adapter Na 21-St 19. 
20 SEQ D> NO. 2 is the nucleotide sequence of the adapter Lu4-Stll. 

SEQ ID NO. 3 is the nucleotide sequence of the adapter Na 23-St7. 

SEQ ID NO. 4 is the nucleotide sequence of the adapter Lu3-St24. 

SEQ ID NO. 5 is the nucleotide sequence of the adapter T7-NotSrl 

SEQ ID NO. 6 is the nucleotide sequence of the adapter T7«NotSrfA 
25 SEQ ID NO. 7 is the nucleotide sequence of the adapter AdlSGT. 

SEQ ID NO. 8 is the nucleotide sequence of the adapter Lu3-T13. 

SEQ ID NO. 9 is the nucleotide sequence of the adapter Lu4-T13. 

SEQ ID NO. 10 is the nucleotide sequence of the primer Stl9. 

SEQ ID NQ- U is the nucleoti de sequence of the primer StL 

30 SEQ ID NO. 12 is the nucleotide sequence of the primer Na23. 

SEQ ID NO. 13 is the nucleotide sequence of the primer Lu3. 

SEQ ID NO. 14 is the nucleotide sequence of the primer Na21. 

SEQ ID NO. 15 is the nucleotide sequence of the primer T7. 

SEQ ID NO. 16 is the nucleotide sequence of the primer NalSGT. 
35 SEQ ID NO. 17 is the nucleotide sequence of the primer NotSrfl. 

SEQ ID NO. 18 is the nucleotide sequence of the primer NotSrf4. 

SEQ ID NO. 19 is the nucleotide sequence of the primer Lu4. 
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SEQ ID NO. 20 is the nucleotide sequence of the primer RI-Noi-TCG. 
SEQ ID NO* 21 is the nucleotide sequence of the primer TPA1. 
SEQ ID NO. 22 is the nucleotide sequence of the primer TPA2. 
SEQ ID NO. 23 is the nucleotide sequence of the primer for 5 '-RACE for human beta- 
actin gene. 

SEQ ID NO. 24 is the nucleotide sequence of the primer for 3 '-RACE for human beta- 
act in gene. 

SEQ ID NO. 25 is the nucleotide sequence of the primer for 5 '-RACE of human 
traasferin receptor gene. 

SEQ ID NO. 26 is the nucleotide sequence of the primer for 3' -RACE of human 
transferin receptor gene. 

Detailed Disclosure of the Invention 

The subject invention concerns a novel method for the selective suppression of 
polymerase chain reaction (PCR) amplification of DNA fragments. In accordance with a 
preferred embodiment* the DNA fragments whose amplification by PCR is to be regulated 
according to the methods of the subject invention have the same double-stranded adapter attached 
at each end of the fragment. The adapter used according to the subject invention comprises a 
polynucleotide sequence that includes a primer binding portion and a suppressor sequence 
portion. After attachment of the adapters to the DNA fragments and filling in the ends to 
eliminate any single-stranded ness, each strand of the DNA fragment has an adapter sequence at 
its 5'-end that is complementary to the adapter sequence at its 3'-end. As an initial step in the 
PCR procedure, the DNA fragments are denatured to yield single-stranded DNA. In the next step 
of standard PCR, primers are allowed to anneal to the single-stranded DNA During the primer 
annealing phase of the subject PCR method, a single-stranded DNA fragment bearing the 
complementary sequences at each end can hybridize with itself through the complementary 
adapter sequences to form a secondary structure that blocks the amplification of that DNA 
fragment. However, DNA fragments in a DNA mixture which have different adapters attached 
at each end (and thus, the ends of the single-stranded DNA fragment are not self-complementary) 
can be exponentially amplified as usual during PCR using a combination of primers which can 
hybridize with the adapters and function in primer extension. 

After the first round of denaturation and annealing in the PCR procedure of the subject 
invention, each strand of a DNA fragment can form either a self-annealing *pan-like n structure 
(amplification suppressive structure), or it can form a "hybrid" structure comprising the single- 
stranded DNA and the PCR primer (amplification permissive structure). The a pan-like w structure 
will form if complementary adapter sequences are present at each end of a single DNA strand and 
those sequences hybridize to each other. When hybridization of the adapter sequences occurs, a 
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closed loop is formed (the "pan-like" suppressive structure) and amplification is prevented or 
inhibited. Alternatively, a PCR primer may hybridize with the single-stranded adapter (the 
amplification permissive ••hybrid" structure), in which case amplification can proceed according 
to the standard PCR procedure. If a single-stranded DNA fragment bears an adapter sequence 
5 at its 5'-end that is not complementary to the adapter sequence found at the 3'-end of that same 

strand, then the -pan-like" suppressive structure cannot be formed and those DNA fragmenis can 
be efficiently amplified in a PCR reaction using appropriate primers that hybridize to the adapter 
sequence or to the DNA fragment. Accordingly, the skilled artisan can use the subject invention 
with PCR to amplify target DNA fragments, while non-target DNA fragment amplification is 
10 suppressed. The basic methodology of the subject invention, iaduding the fonnation of the "pan- 

like" and "hybrid" structures, is illustrated in Figure 1. 

As used herein, the term -target" DNA or nucleic add refers to that polynucleotide 
material to be amplified in the DNA or nucleic add sample. The term -non-target" refers to that 
polynucleotide material for which amplification is not desired. A DNA fragment in a sample is 
15 dther a -target" or a "non-target" DNA. The determination of whether a DNA fragment is a 

-target" or a "non-target" is independent of whether the adapters of the subject invention are 

attached to the DNA fragment 

FOr those DNA fragmenis that have the complementary adapter sequences of the subject 
invention at each end. the relative ratio of formation of the two types of structures is dependent 
20 upon a number of factors that can shift the balance to favor the formation of one structure over 

the other. The manipulation of these factors to achieve the desired, selective PCR suppression 
is a critical aspect of the subjea invention. 

The equilibrium constant associated with the formation of the suppressive and the 
permissive structures, and. therefore, the efficiency of suppression of particular DNA fragments 
25 during PCR, is primarily a function of the following factors: 

(a) niffer CT «s in mel ^f f ^perature pf^r^ivE and permissive structures. If 
the suppressor sequence portion of the adapter is roughly equal to or longerthan 
the primer binding portion, then the suppressive structure will be preferentially 

formed due to the hi gher melting temperatures of the suppressive structu re 

versus the permissive structure. If the suppressor portion is about one half, or 
less, the length of the primer binding portion, or is absent altogether, then the 
amplification permissive structure typically will be formed and those DNA 
fragments can be effidently amplified under standard PCR amplification reaction 
conditions. The permissive structure is particularly preferred at higher primer 
concentrations. In addition to sequence length, the differences in melting 
temperatures of the suppressive and permissive structures are also determined 
by the relative ratio of guanosine and cytidine residues to adenosine and 
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thymidine residues (hereinafter this ratio is referred to as the GC content of the 
sequence) in the primer binding ami suppressor sequence portion of the adapter. 
For an adapter having a primer binding portion and a suppressor portion of fixed 
length, the higher the CC content of the suppressor portion, the greater the 
efficiency of suppression that can be achieved (using the same primer binding 
portion of the adapter). Thus, in order to achieve similar efficiencies of 
suppression tor various adapters having suppressor and primer binding portions 
of approximately equal length, the primer binding and suppressor portions of the 
adapter should contain approximately equal GC content (assuming all other 
conditions are held constant). 

Position of primer sequence within an adapter The PGR suppression 
mechanism of the subject invention works most efficiently when primers are used 
which are complementary to the primer binding portion of the adapter (te., the 
outer or distal pan of the adapter) on the 3'-end of the single-stranded DNA 
fragment This results in the replication of the complete suppressor sequence 
portion of the adapter after primer extensions. The presence of suppressor 
sequence permits the suppressive structure to be readily formed again after each 
round of denatu ration during PCR. In contrast, the use of PCR primers which 
are complementary to the suppressor portion of the adapter (ic, the inner or 
proximal part of the adapter) results in a shorter amplification product that lacks 
an outer portion of the adapter after the first round of amplification. Because 
these shorter PGR products lack an outer portion of the adapter, they have a 
reduced ability to form the "pan-like" suppressive structure. These shorter 
amplification products can then be efficiently amplified in ail subsequent PCR 
cycles using the primer that is complementary to the suppressor portion of the 
adapter. 

Length of the target DNA fragments . The longer the target DNA fragment, the 
greater the distance between the complementary sequences at the 5'- and 3 '-ends 
of the single-stranded DNA fragment, and the less efficiently a suppressive 
structure can be formed. Accordingly, the efficiency of the PGR suppression of 
the subject invention is reduced for larger target DNA fragments. When 
standard-sized primers (typically about 21-24 nucleotides in length) are used in 
conjunction with an adapter having a suppressor sequence of about the same 
length, PGR amplification of DNA fragments of up to about 6-8 kb in length can 
be effectively suppressed. 

PCR primer concentration. The suppression effect achieved according to the 
methods of the subject invention works more efficiently at lower primer 
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concentrations (typically from about 0.1 ftlA. to about Q2filA) than at higher 
primer concentrations (typically from about OS fiM to about 1.0 fiM). In 
addition, the size of the DNA fragments which can be efficiently amplified (or 
suppressed) also depends on the primer concentration. If the primer 
5 concentration is increased (ft*, from about 0.1 pM to about 1.0 A*M), the ability 

to suppress PCR amplification of larger fragments is decreased and, therefore, 
the size border between amplified and suppressed fractions is shifted downward, 
(e) grjman structure. The primary structure of the PCR primer binding and 
suppressor portions of the adapter also influence the efficiency of suppression, 
jq but to a lesser extent than the other factors. 

In addition to the unique PCR suppression method described herein, the subject invention 
further concerns the novel polynucleotide adapters used with the subject method. These adapters 
have a unique sequence design which comprises an "outer" primer binding sequence portion and 
an "inner" suppressor sequence portion. As used herein, the term "outer" refers to that portion 
15 of the adapter sequence that is distal to the DNA fragment to which it is attached. The term 

-inner" refers to that portion of the adapter sequence that is proximal to the DNA fragment to 
which it is attached. 

The adapters can be composed of either DNA or RNA and can be either single-stranded 
or double-stranded when attached to the DNA fragment In a preferred embodiment, the adapters 

20 are at least partially double-stranded to aid in ligation of the adapter to the DNA fragment The 

adapters can be attached to the ends of DNA or RNA fragments using a variety of techniques that 
are well known in the art, including DNA Iigase-mediated ligation of the adapters to sticky- or 
blunt-ended DNA T4 RNA Iigase-mediated ligation of a single-stranded adapter to single- 
stranded RNA or DNA oUgo (dA) tailing using terminal transferase, or via any DNA polymerase 

25 (or a reverse transcriptase if RNA is the template) using a primer having a sequence which 

corresponds to the adapter sequence. As used herein, the term "attach." when used in the context 
of attaching the adapter to a DNA fragment, refers to bringing the adapter into covalent 
association with the DNA fragment regardless of the manner or method by which the association 
Is a^levedT - 

30 Alternatively, DNA fragments can be cloned into plasmid vectors that have the adapters 

of the subject invention inserted in the appropriate orientation upstream and downstream of a 
cloning site in the vector. In this case, the adapters per se consist of a single vector sequence in 
the plasmid that duplicates the adapter sequence upstream and downstream from a cloning site. 
The vector can include any plasmid sequence that is necessary for maintenance of the recombinant 

35 DNA in a host cell. 

Several types of adapter structures are contemplated for use with the subject invention. 
Two types of adapters are specifically exemplified and are referred to herein as "Type 1" and 
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"Type 2" adapter structures. Using the teachings contained herein, the skilled artisan could 
readily construct other adapters that have different sequences from those adapters exemplified 
herein, including variants of the subject adapters, that would be operable with the subject 
invention. Any polynucleotide sequence that comprises a primer binding portion and an effective 
5 suppressor sequence portion and which when associated with a DNA or RNA fragment can form 

a suppressive "pan-like" structure during PGR as described herein is contemplated by the subject 
invention. Such adapters are within the scope of the subject invention. 

The Type 1 adapter structure typically has a length of about 42-50 nucleotides. However, 
the adapter length can vary from as few as about 25 nucleotides, up to SO or more nucleotides. 

10 Generally, the Type 1 adapter does not contain any homopolymer sequence. The Type 1 adapter 

is typically at least partially double-stranded and generally comprises one long oligomer and one 
short oligomer, resulting in a 5' overhang at one end of the adapter. The typical structure for a 
Type 1 adapter and its corresponding primer are illustrated by the T7-NotSrf adapter (SEQ ID 
NO. 5) and the T7 primer (SEQ ID NO. 15). The length of the lower oligomer is not critical to 

15 the function of the PCR suppression method of the subject invention. The lower oligomer can 

be shorter, equal to, or longer in length than the upper oligomer. 

The design of the Type 1 adapter allows it to be ligated to any blunt-ended DNA 
fragment using T4 DNA ligase. Adapters having "sticky ends 19 that are compatible with certain 
restriction sites can also be used to attach the adapter to DNA that has been digested with 

20 appropriate restriction endonucleases. In most instances, only the upper (and typically longer) 

oligomer of the adapter can be ligated to DNA- The lower (and typically shorter) oligomer 
usually is not ligated because it lacks the requisite 5'-phosphate group. However, the lower 
oligomer portion of the adapter does increase the efficiency of ligation of the adapter to double- 
stranded DNA (dsDNA). In those instances where it is desirable to do so, it is possible to modify 

25 the lower oligomer so that it can be ligated to the DNA fragment. Typically, these modifications 

include adding a 5'-phosphate for more efficient ligation. Additionally, a 3 '-amine group can be 
incorporated into the adaptor to prevent extension of the 3'-end of the lower oligomer, thus 
preventing the formation of the primer binding site on the general population of adapter- ligated 
DNA fragments.. 

30 The specific design of the Type 1 adapter can be manipulated in accordance with the 

teachings provided herein to achieve desired levels of PCR suppression for particular applications 
of this technology. The efficiency of the suppression observed using different Type 1 adapters is 
primarily a function of: 

(a) The length of the suppressor portion of the adapter structure. The longer the 
35 suppressor portion, the more efficient the suppression when used in conjunction 

with the same primer binding portion of the adapter. 
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(b) The melting temperature of the suppressor portion. The higher the melting 
temperature, the higher the efficiency of suppression. Higher melting 
temperatures can be achieved, for example, by increasing the GC content of a 
particular sequence. 

5 (c) Generally, the length of the primer used with the subjea invention is directly 

proportional to tbe length of the suppressor portion of the adapter. Thus, the 
shorter the primer used during PCR, the shorter the suppressor sequence 
required to achieve a particular level of suppression (assuming that the relative 
GC content and sequence of the adapter is maintained). 
10 (d) The nucleotide sequence of the adapter. Substitution of nucleotides in the 

adapter sequence (even as few as 2-3 bases), especially in that region of the 
adapter where the primer binding portion joins tbe suppressor portion, can lead 
to changes in the efficiency of PCR suppression. However, this factor is not as 
critical to the efficiency of suppression as are the length or GC content of the 
15 primer binding and suppressor portions of the adapter. 

Thus, the efficiency of suppression can be regulated through varying the length and GC content 
(which in turn determines the melting temperature of the dsDNA) of the suppressor portion of 
the adapter. 

The Type 2 adapter structure is similar to the Type 1 structure but contains a 
20 homopolymer sequence in the suppressor portion of the adapter. Typically, the Type 2 adapter 

is incorporated into DNA fragments that have been tailed with oligo (dA) using terminal 
deoxynucleotidyl transferase, followed by PCR using a primer such as Lu3-T13 (SEQ ID NO. 8). 
In this case, the primer becomes incorporated into the DNA as an adapter. The PCR product 
can be subsequently treated with exonudease III to remove the lower strand of the adapter. 
25 The skilled artisan will readily recognize that certain of the primers of the subject 

invention can also be used as adapters. For example, the Lu3-T13 (SEQ ID NO. 8) and Lu4-T13 
(SEQ ID NO. 9) primers can also function as adapters in certain PCR protocols performed using 
the subjea invention. The use of the subject primers as adapters in the subject method, and vice 

versa, is contemplated by the subjea invention. 

30 Preferably, the adapter should not contain any sequences that can result in the formation 

of -hairpins" or other secondary structures in the DNA which can prevent adapter ligation or 
primer extension. As would be readily apparent to a person skilled in the art, toe primer binding 
sequence portion of the adapter can be complementary with a PCR primer capable of priming for 
PCR amplification of a target DNA The primers of the present invention comprise a 
35 polynucleotide sequence that is complementary to a portion of the polynucleotide sequence of a 

suppression adapter of the invention. 
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Preferably, the primers of the subject invention have exact complementarity with the 
adapter sequence. However, primers used in the subject invention can have less than exact 
complementarity with the primer binding sequence of the adapter as long as the primer can 
hybridize sufficiently with the adapter sequence so as to be extendable by a DNA polymerase. As 
5 used herein, the term 44 primer" has the conventional meaning associated with it in standard PCR 

procedures, ie, an oligonucleotide that can hybridize to a polynucleotide template and act as a 
point of initiation for the synthesis of a primer extension product that is complementary to the 
template strand 

The adapters and primers used in the subject invention can be readily prepared by the 
10 skilled artisan using a variety of techniques and procedures. For example, adapters and primers 

can be synthesized using a DNA or RNA synthesizer. In addition, adapters and primers may be 
obtained from a biological source, such as through a restriction enzyme digestion of isolated DNA. 
The primers can be either single- or double-stranded. Preferably, the primers are single stranded. 
The primer and adapters specifically exemplified herein are shown in Table 1. 
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The subjea invention further concerns kits which contain, in separate packaging or 
compartments, the reagents such as adapters and primers required for practicing the PCR 
suppression method of the subject invention. Such kits may optionally include the reagents 
required for performing PCR reactions, such as DNA polymerase, DNA polymerase cefaclors, and 
5 deoxvribonucleotide-5'-triphosphates. Optionally, the kit may also include various polynucleotide 

molecules, DNA or RNA ligases, restriction endonucleases, reverse transcriptases, terminal 
transferases, various buffers and reagents, and antibodies that inhibit DNA polymerase activity. 
The kits may also include reagents necessary for performing positive and negative control 
reactions. Optimal amounts of reagents to be used in a given reaction can be readily determined 
10 by the skilled artisan having the benefit of the current disclosure. 

A variety of DNA polymerases can be used during PCR with the subjea invention. 
Preferably, the polymerase is a thermostable DNA polymerase such as may be obtained from a 
variety of bacterial species, including Thermus aquaiicus (Taq), Therms thermophihts (Tth), 
Thermus Worm*, Thermos flaws, Thermococcus literate, and Pyrococeus fitriosus (Pfu)- M*»y of 
15 these polymerases may be isolated from the bacterium itself or obtained commercially. 

Polymerases to be used with the subject invention can also be obtained from cells which express 
high levels of the cloned genes encoding the polymerase. 

The subject invention can also be used with long distance (LD) PCR technology (Barnes, 
1994; Cheng etaL, 1994). LD PCR, which uses a combination of thermostable DNA polymerases, 
20 produces much longer PCR products with increased fidelity to the original template as compared 

to conventional PCR performed using Taq DNA polymerase alone. 

The method of the subject invention can also be used in conjunction with antibodies that 
bind to DNA polymerase and thereby inhibit polymerase function (Kellogg et at, 1994). These 
antibodies reversibly bind to DNA polymerase in a temperature-specific manner, and thereby 
25 increase the specificity of a PCR reaction by inhibiting the formation of non-specific amplification 

products prior to initiation of PCR amplification. 

The subject method can be used with polynucleotides comprising either full-length RNA 
or DNA or their fragments. The RNA or DNA can be either double-stranded or single-stianded, 

and can be in a purified or unpurified form. Preferably, the polynucleotides are comprised of 

30 DNA The DNA fragments used in the subject invention can be obtained from DNA by random 

shearing of the DNA by digestion of DNA or cDNA with restriction endonucleases, or by 
amplification of DNA fractions from DNA using arbitrary or sequence-specific PCR primers. The 
subjea invention can also be used with full-size cDNA polynucleotide sequences, such as can be 
obtained by reverse transcription of RNA The DNA can be obtained from a variety of sources. 
35 including both natural and synthetic sources. The DNA can be from any natural source including 

viruses, bacteria, yeast, plants, insects and animals. The DNA can also be prepared from any 
RNA source. 
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The PCR suppression methods of the subject invention can be used in a wide variety of 
procedures. Several of these procedures are specifically exemplified herein. Other procedures 
would become apparent to one skilled in the art having the benefit of this disclosure. 

In one embodiment, the subject invention can be used for the selective recovery of DNA 
sequences common to two complex, partially homologous DNA mixtures. A schematic 
representation of the subject invention as applied to a pair of separate DNA mixtures (A and B) 
is illustrated in Figure Z DNA fragments from mixture A are ligated to adapter a, whereas DNA 
fragments from mixture B are ligated to adapter b. Adapters a and b have sequences that are 
non-complementary to each other a strand from adapter a will not hybridize with a strand 
from adapter b). Mixture A and mixture B are combined, denatured, and then allowed to anneal 
in a reaction driven essentially to completion by all components. Single-stranded DNA fragments 
from mixtures A and B that have sufficient homology can re-anneal to form a double-stranded 
DNA fragment that has adapter a attached at one end and adapter b attached at its other end. 
After filling in the overhanging single-stranded ends of the fragments, the homologous species are 
selectively recovered from this mixture by PCR amplification using DNA primers complementary 
to the outer primer binding portion of adapter a and adapter b. The lack of complementarity 
between adapter a and adapter b prevents the formation of the suppressive 44 pan-like" structure 
in the DNA fragments bearing each of the a and b adapters. These DNA fragments that have 
both adapter a and adapter b attached can be efficiently amplified by PCR using primers 
complementary to the primer binding portion of adapters a and b. DNA from mixture A and 
mixture B that is not sufficiently homologous cannot be efficiently amplified since those fragments 
have complementary adapter sequences (a or b) at the 5' and 3' ends of each single-stranded 
DNA which then permits the formation of the PCR suppressive "pan-like* structure. In this 
embodiment, the subject invention can be applied to search for homology between different 
genomic DNAs and to reveal common sequences between different cDNAs (or RNAs)~ The 
subject invention can also be used to clone transcriptionally active regions in genomic DNA using 
a DNA-cDN A hybridization approach. 

The subject invention can also be used to identify and isolate common sequences between 
genomic DNA and any particular fragment of genomic DNA (or cDNA) cloned into plasmid, 
phage, viral, cosmid or YAC vectors. This approach can be applied to mapping chromosome 
aberrations (point mutations, deletions, insertions, transversions, etc.) in patients with certain 
hereditary diseases using cytogenetic chromosome mapping data and a set of recombinant vectors 
which contain DNA fragments covering the disease target region. 

The subject invention can also be used to make a uniform-abundance ("equalized" or 
a normalized ") cDNA population that contains approximately equal representation of each cDN A 
present in a sample. Double-stranded cDNA is split into two samples, and then the DNA in each 
sample is ligated to a different adapter (a or b) in separate test tubes as illustrated in Figure 3. 
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Optionally, the adapters may lack a phosphate on the S'-ends of the shorter oligonucleotide; 
therefore, only the longer oligonucleotide of the adapter can be ligated to the cDNA. After 
melting and a brief re-annealing (which is not carried out to completion), the remaining single- 
stranded fraction in each sample is significantly depleted of the more abundant species of cDNA 

5 because the rate of re-annealing is proportional to the concentration of individual cDNAs in 
solution. The contents of the two test tubes are then mixed together, and hybridization is 
continued in order to re-anneal the equalized single-stranded fraction. The overhanging single- 
stranded ends of the double-stranded DNA fragments can then be filled in using a DNA 
polymerase, such as Taq DNA polymerase. 

10 As a result of this procedure, only the equalized fraction of cDNA contains different 

adapters at both ends of the cDNA strand. These equalized cDNA fragments can be exponentially 
amplified using a combination of primers complementary to the primer binding portions of each 
adapter. Highly abundant cDNA fragments will have the same adapter (a or b) attached at each 
end because they repealed prior to miring the two samples together. These cDNAs cannot be 

15 efficiently amplified because they can form the suppressive "pan-like- structure. After PCR 
amplification using primers complementary to the primer binding portion of adapters a and b, the 
cDNA consists of roughly equal amounts of each individual cDNA present in the original cDNA 
population. 

In a further aspect, the subject invention can be used In making subiractive cDNA 
20 libraries having a uniform-abundance equalized") cDNA population, to this embodiment, the 

subject invention can be used with full-length cDNA libraries, as well as cDNA fragment libraries. 
Specifically, the subject invention can be used to prepare a cDNA population containing 
approximately equal representation of all the DNA species that are present in one DNA 
population (tester), but that are not found in another DNA population (driver). The tester DNA 
25 sample is split into two separate samples and the cDNA fragments in each sample are ligated to 

either adapters a or b in separate test tubes as shown in Figure 4. After melting and re-annealing 
in the presence of excess driver cDNA, the single-stranded fraction of tester cDNA fragments is 
significantly depleted of the more abundant species of cDNAs present in the tester DNA 

population (this is similar to the equalization!^ 

30 single-stranded fraction of the tester DNA population is significantly enriched for any 
differentially expressed cDNAs (subtraction mechanism) since all common cDNAs which are 
present in both the tester and driver population will efficiently re-anneal as double-stranded 
cDN A in the presence of excess driver cDNA. The contents of both test tubes are then mixed and 
the single-stranded fragments of tester cDNA are additionally repealed, equalized and 
35 subtracted. The single-stranded ends of the double-stranded DNA fragments can then be filled 



in. 
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Primers complementary to the primer binding portion of adapters a and b are added to 
the tube and PCR performed. Only the self-re-annealed, equalized and subtracted cDNA fraction 
of tester cDNA fragments have both adapters a and b attached and can be exponentially amplified 
during PCR. All other DNAs contain either the same adapters at both ends of the DNA 
5 fragment (which results in PCR suppression), or only one adapter at one end (which results in 

linear amplification), or no adapters the excess driver DNA). As a result, after PCR 
amplification, all differentially expressed cDNAs (i.&, those which are unique to the tester DNA 
population) are simultaneously equalized and enriched relative to the constantly expressed cDNAs. 
Thus, the subject invention can be used to obtain a highly enriched population of cDNA from low 

10 abundance, differentially expressed mRNA 

The subject invention further concerns a method for screening and identifying 
differentially expressed genes using subtracted probes prepared according to the present invention. 
The probes are enriched for any differentially expressed cDNAs between at least two distinct DNA 
populations. The subtracted probes can then be used to screen a set of defined polynucleotide 

15 sequences prepared from the different cDNA populations. The defined polynucleotide sequences 

can be prepared and immobilized at pre-defined regions on a solid support matrix. The different 
cDN A populations can be prepared from any cDNA populations which have been obtained from 
at least two pre-determined states of an organism, tissue, or cell. For example, the different 
cDNA populations used in the present method may be isolated from healthy vs. diseased tissue, 

20 from activated vs. unactivated cells, from uninfected cells vs. cells infected with a pathogen, from 

undifferentiated tissue vs. differentiated tissue, from unexposed cells vs. cells exposed to a certain 
treatment, compound or drug, and from different developmental or treatment states. Other states 
are known to the skilled artisan and are encompassed within the present method. 

In one embodiment, a subtractive cDNA preparation is prepared from the same type of 

25 cells that are in different states, such as certain activated and unactivated states. cDNA 

populations are separately prepared from cells in each state. The cDNA population from cells 
of one state is divided into two separate samples and the ends of the cDNA ligated to different 
PCR suppression adapters of the present invention, herein referred to as adapters A and B for 
convenience. For example, half of the cDNA from the activated cells is ligated with adapter A, 

30 whereas the remaining half of the cDNA from the activated cells is ligated with adapter B. After 

adapter ligation, the double-stranded cDNA strands are heat denatured and then reannealed in 
the presence of excess denatured cDNA from the unactivated cells. Reannealing in the presence 
of cDNA from unactivated cells results in the selection for cDNAs that are preferentially 
expressed in the activated ceil population. The reannealing proceeds for a time sufficient to allow 

35 the commonly expressed cDNAs to reanneal, whereas the DNA corresponding to the differentially 

expressed cDNAs do not efficiently reanneaL The cDNAs of the samples ligated with adapters 
A and B are then mixed together and allowed to reanneal for an additional period of time. 
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Optionally, denatured cDNA from unactivated cells can also be included during this round of 
reannealing. The additional period of time allows homologous single-stranded cDNAs having 
different adapters at their 5' ends to reanneal, thus producing double-stranded cDNAs that have 
the suppression adapter A ligated on one end and adapter B ligated on the other end. Any single- 
5 stranded ends on double-stranded DNA can then be filled in to produce a fully double-stranded 
cDNA. 

Primers complementary to a primer binding sequence on adapters A and B are added to 
the cDNA mixture and a standard PCR is performed. Most of the cDNAs that are differentially 
expressed in the activated cell population have adapter A at one end and adapter B at the 

10 opposite end of the DNA molecule. Thus, these cDNAs can be exponentially amplified during 
the PCR reactions. The cDNAs common to both the unactivated and activated cell populations 
cannot be exponentially amplified during PCR because they possess either the same adapters at 
each end of the DNA (wherein suppression of amplification occurs), or an adapter at only one 
end of the DNA (wherein there can only be linear amplification), or no adapters at either end of 

15 the DNA molecule (wherein no amplification occurs). The amplified cDNA corresponding to 

those cDNAs that are differentially expressed in the activated cell population can then be used 
to screen defined polynucleotide sequences prepared from cDNA populations obtained from cells 
of two different pre^fetennined states (e.g., activated vs. unactivated cell) and that have been 
immobilized at pre-defined locations on a solid support matrix as described in International 

20 Application No. PCT/US95/D1863 (Rosenberg et aL), the disclosure of which is incorporated 
herein by reference. 

It should be understood that defined polynucleotide sequences other than partial or full 
length cDNA, such as mRNA, genomic DNA fragments, oligonucleotides with sequences of 
particular DNAs or mRNAs, and the like, can be used in the present method. In addition, 

25 defined polynucleotide sequences of any particular partial or complete collection of polynucleotide 
sequences and corresponding to genes of any particular organism of interest can be immobilized 
on a solid suppon matrix and screened for differential expression using a hybridization probe 
comprising subtracted cDNA prepared according to the present invention. 
to another embodiment, the subj ect in vention can be used to^subuact a cDNA library 

30" "(tester) agamst 7set of any cD^ ^to i any partcuTS^ctoT 
(driver). This application of the subject invention is particularly useful for cDNA sequencing 
projects, such as the human genome sequencing project, where a random strategy to done all 
individual cDNAs which are present in a cDNA library has been used. Subtraction of already 
sequenced cDNAs from a cDNA library should increase the efficiency of identification and 

35 sequencing of novel cDNAs which are absent from cDNA databases. Also, the subject invention 

can be used with subtractive hybridization for identifying differences between tester and driver 
genomic DNAs. This application of the subject invention is similar to subtractive hybridization 
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of cDNAs, but can be used for discovering probes for pathogenic organisms, for identifying 
otherwise anonymous loci that have suffered genetic rearrangements, and for detecting the 
polymorphisms located near the genes affected by inherited disorders. 

The subject invention can also be used for the selective amplification (or suppression) of 
DNA fragments in a defined size range. Because the efficiency of forming suppressive "pan-like* 
structures is dependent on the DNA fragment length, the subject invention can be used to 
selectively amplify only those DNA fragments that are longer than a certain length, while at the 
same time suppressing amplification of DNA fragments that are shorter than the specified length. 
The size of the smallest DNA fragments which can be amplified depends primarily on differences 
between the melting temperature of the "pan-like** suppressive structure and the amplification 
permissive structures. Thus, the sue border between the amplified and non-amplified fraction can 
be optimized to any particular DNA length by varying the length and/or GC content of the 
suppressor sequence portion of the adapters. Examples of specific adapter sequences and their 
corresponding primers used for amplifying DNA fragments in a defined size range are shown in 
Table 2. 
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When used in accordance with this embodiment, the subject invention can be used in 
place of gel filtration exclusion chromatography* a technique which is commonly used to 
fractionate DNA fragments according to their length. The subject method is also particularly 
useful for selectively amplifying only full-sized, high molecular weight products using PGR 
(particularly when used in conjunction with long distance PCR technology), thereby reducing the 
background in PCR after amplification. The subject invention can also be used to prepare full- 
sized cDNA (generally, this includes those cDNAs more than 500 bp in length) suitable for cDN A 
library construction by using adapters which suppress the amplification of cDNAs that are less 
than about 500 bp in length. The amplification products can then be used directly in cDNA 
library construction without having to fractionate the cDNA using a gel filtration exclusion 
chromatography step. 

In another embodiment, the subject invention can be used for cDNA library construction 
using total RNA as a starting material. Typically, after the first and second strand cDNA 
synthesis using total RNA as a template, a large majority of all the cDNA corresponds to the 
poiy(A)~ fraction of the RNA, while only a small fraction corresponds to the poly(A)+ fraction. 
Moreover, total RNA preparations commonly contain genomic DNA impurities which can also 
contaminate the cDNA library. In Older to selectively amplify the cDNA fraction corresponding 
only to the poly(A) + RNA fraction, an adapter of the subject invention is ligated to the entire 
cDNA population. As shown in Figure 5, only the cDNA fraction corresponding to poly(A) + 
RNA (Le. , the cDN A which contains an internal poly(A) sequence) can be exponentially amplified 
using an oligo (dT) primer in combination with another PCR primer that is complementary to 
the primer binding portion of the adapter. All other cDNAs which lack the internal poly(A) 
sequence (Le., genomic DNA fragments or those cDNAs reverse transcribed from the poly(A)— 
fraction of RNA) are not efficiently amplified because they can form the "pan-like" suppressive 
structure during PCR amplification. 

The subject invention can also be used in conjunction with the procedure for rapid 
amplification of 5'- and 3'- cDNA ends (RACE) (Belyavsky a al^ 1989; Frohman, M.A, & ai y 
1988). This embodiment of the subject invention allows for the selective amplification of the 5'~ 
or 3 '-end of double-stranded cDNA that has an adapter of the subject invention attached at both 
ends of the cDN A Using a combination of an internal target DNA primer that is complementary 
to a portion of the nucleotide sequence of the target DNA, in conjunction with a primer that is 
complementary to the primer binding portion of the adapter, only the 5'- or 3'-end of any 
individual RNA is exponentially amplified during the course of the PCR. The non-target cDNAs 
that lack the internal prima- binding sequence that is specific to the target cDNAs are not 
efficiently amplified because the single strands of the non-target cDNAs can form the suppressive 
"pan-like** structure. 
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Optionally, the 5'- and 3'- RACE amplification products can be fused to create a full, 
length cDNA. The 5'- and 3'- RACE products are purified and then mixed together in the 
absence of primers. The mixture is subject to several rounds of PCR thermal cycling in the 
presence of a DNA polymerase Preferably, the DNA polymerase comprises a combination of 
5 thermostable DNA polymerases suitable for long distance (LD) PCR, such as Taq DNA 
polymerase and Pfu or Vent polymerase. The overlapping regions of the RACE products anneal 
and are then extended to generate the full-length cDNA A final ID PCR is performed using the 
adapter-specific and gene-specific primers and the LD PCR enzyme mixture. 

The subject invention can also be used in a large number of applications which require 
10 amplification of DNA fragments where a sequence for only a portion of the target DNA is known. 

The pgr suppression technology of the subject invention provides a novel means for performing 
this "one-sided" PCR, thereby enabling theskfiled artisan to amplify any uncharacterized sequence 
that is adjacent to a known sequence. "One-sided- PCR using the PCR suppression technology 
of the subject Invention can be used in a variety of applications, including -genomic walking," 
15 sequencing of yeast artificial chromosomes insert termini and cosmid insert termini, mapping of 
introns in genomic DNA from cDNA clones, mapping of regions containing deletions, insertions, 
etc, and for the sequencing of large clones without having to resort to subcloning. 

in one embodiment of this method, genomic DNA is fragmented, preferably using 
restriction enzymes. Adapters of the subject invention are ligated to both ends of the DNA 
20 fragments. In a preferred embodiment, the adapters have a 3'-antine group on the lower strand 

to block polvmerase-catalyzed extension of the tower strand. Using a combination of a first 
primer which is complementary to a known sequence on the target DNA and a second primer 
which is complementary to the primer binding portion of the adapter, the unknown genomic 
sequence adjacent to the known sequence on the target DNA can be amplified by PCR to produce 
25 an amplification product which does not contain the self-annealing complementary sequences at 

both ends of the DNA fragment. This product can then be exponentially amplified during 
subsequent rounds of PCR. Preferably, this primary PCR reaction is performed using long- 
distance PCR reagents including thermostable DNA polymerase, such as Tth and/or Vent, in 

_ ronj »ncuon-withmeans^^ 

30 CA) (Kellogg et aL, 1994). The non-target DNA fragments that lack the known sequence 

complementary to the first primer cannot be efficiently amplified during PCR because the self- 
annealing complementary sequences attached to the ends of each DNA fragment can form the 
suppressive -pan-like" structure during PCR. A secondary PCR reaction can then be performed 
using the amplification product of the primary PCR reaction and -nested" adapter primers and 
35 target DNA-specific primers. -Nested" PCR amplification techniques are standard in the art. 

Alternatively, the terminus of the amplified PCR product from the primary PCR reaction can be 
sequenced and new primers complementary to the sequence prepared. Additional PCR can then 
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be performed on DNA fragments using the new primer and an adapter-specific primer. Repeating 
the method of the subject invention using the newly discovered primer sequence obtained from 
each previous PCR amplification product allows the skilled artisan to walk upstream or 
downstream on the genomic DNA from the point of initiation. 

Following are examples which illustrate procedures, including the best mode, for 
practicing the invention. These examples should not be construed as limiting. As would be 
readily apparent to a person skilled in the ait, the subject invention can be applied to a variety 
of molecular biology techniques and procedures other than those specifically exemplified herein. 
All percentages are by weight and all solvent mixture proportions are by volume unless otherwise 
noted. 

Example 1 - Rapid Amplification of 5'- and 3'-Ends of cDNA fRACFl 

The PCR suppression technology of the subject invention has been Used to amplify the 
5'- and 3 '-ends of a variety of different individual cDNAs. Specifically, the procedure and results 
of a PCR RACE of human transferrin receptor cDNA and human beta-actin cDNA using human 
placenta poly (A) + RNA or human placenta total RNA as a starting material are described 
herein. The human transferrin receptor mRNA is a relatively rare transcript in placental RNA, 
whereas beta-actin mRNA is relatively abundant 

Human double-stranded cDNA obtained after first and second strand cDNA synthesis 
using RNA as a template was ligated with the T7-NotSrf adapter (SEQ ID NO. 5). Figure 6 
shows the results of 5'- and 3 '-RACE for the human beta-actin gene and the transferrin receptor 
gene using a combination of a gene-specific primer and the T7 primer (SEQ ID NO. 15) of the 
subject invention. After PCR using the subject invention, the observed RACE product size was 
in accordance with the expected size given the inner gene specific primer (human beta-actin: 5'- 
RACE product - 1.2 kb, 3'-RACE product - 0.8 kb; human transferrin receptor: 5 '-RACE 
product - 23 kb, 3 '-RACE product - 2.8 kb). The identity of the RACE PCR products 
corresponding to the transferrin and beta-actin genes were confirmed by restriction enzyme 
digestion and sequence analysis of the PCR products. The specific RACE experimental procedure 
is described below. 

PROTOCOL A: First-strand cDNA synthesis 

This reaction is designed to convert l/<g of Poly (A) + RNA into first-strand cDNA. The 
same protocol can be applied using 1 fig of total RNA. 

1. Combine the following in a sterile 0.5 ml microcentrifuge tube: 



•Human placenta poly (A) + RNA (in 1-4 ftl) 
•RI-Not-T30 primer (10 ^M) (SEQ ID NO. 20) 
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Add sterile H z O to a final volume of 5 fil Mix contents and spin the tube briefly in a 
microcentrifuge. 

2. Incubate the tube in a 70°C water bath for 3 minutes or use a ihermocycler for 
the same purpose. 

5 3 . cool the tube on ice for 2 minutes. Spin down the contents of the tube briefly 

in a microcentrifuge. 

4. Add the following to the same reaction tube: 
•5X First-strand buffer 

(250 mM Tris-HCl, pH 8.3, 30 mM MgO^ 375 mM KCI) 2 ftl 

10 -dNTP mix (10^ M each dATP, dTTP, dCTP, dGTP) 1/*1 

•MMLV Reverse Transcriptase (ribonuclease H free) 

(200 units//*!) lfiX 

5. Mix the contents of the tube by gently vortodng and spin the tube briefly. 

6. Incubate the tube at 42°C for 1 hour in an incubator or thermocycler. 

15 7 the tube on ice to terminate first-strand synthesis and proceed to protocol 

B. 

PROTOCOL B: Second-Strand Synthesis 

The protocol is suitable for synthesizing second-strand cDNA from the first-strand cDNA 
20 prepared in the first-strand reaction (Protocol A). 

I Add following components previously cooled on ice to the reaction tube from 

Protocol A 
Sterile H 2 0 



48.4 



25 -5X Second-strand buffer 

(500 mM KCI, 50 mM ammonium sulfate, 25 mM 
MgQ 2 , 0.75 mM NAD, 100 mM Tris-HCl (pH 7.5), 

... ._ 025/ig/ml_BSA) 

•4 dNTP mix (10 mM each dATP, dTTP, dCTP, dGTP) 1.6 fll 
30 -20X Mixture of E. coli DNA polymerase I, 

E. coli DNA Ligase, RNase H (6 units/jul. 1.2 

units//d, 025 units///!) 4 /* ! 

2. Mix contents and spin the tube briefly. The final volume should be about 80 ftl 

3. Incubate the tube at 16°C (water bath or thennocydcr) for 2 hours. 
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4. Add 1 fil (5 units) of T4 DNA polymerase, mix the contents well, and incubate 
the tube at 16°C for 30 minutes in a water bath or ihermocycler. 

5. Add 4 fil of 0.2 M EDTA to terminate second-strand synthesis. 

6. Add 100 fil of phenokchlorofonuisoamyl alcohol (2524:1). 

5 . 7. Vortex thoroughly, and spin the tube in an Eppendorf microcentrifuge at 14,000 

rpm for 10 minutes to separate the phases. 
8, Remove the top aqueous layer and place this layer in a clean 0.5 ml 

microcentrifuge tube. Discard the interphase and lower phase, 
ft Add 100 fil of cMoroformiisoamyl alcohol (24:1) to the aqueous layer. 
10 10. Repeat steps 7 and 8. 

11. Add a 1/2 volume (about 30 fil) of a 4 M ammonium acetate solution and 2-5 
volumes (of the total resulting volume in the tube) of 95% ethanol to the 
reaction. Vortex the mixture thoroughly and spin the tube immediately in a 
Eppendorf microcentrifuge at 14,000 rpm for 20 minutes. 
15 12. Remove the supernatant carefully and overlay the pellet with 300 fil of 80% 

ethanol. Centrifuge in an Eppendorf centrifuge for 10 minutes at 14,000 rpm 
and remove the supernatant, 
13. Air dry the pellet for 10 minutes to evaporate residual ethanol. Dissolve the 

precipitate in 10^1 of TE buffer. 

20 

PROTOCOL C Adapter Ligation to DNA 

This protocol is suitable for DNA ligation experiments using 5 fil of double-stranded 
cDNA obtained after second-strand synthesis (Protocol B). 

1. Mix the following reagents in 0.5 ml microcentrifuge test tube in the order 
25 shown: 

•dscDNA S f il 
T7 NotSfr Adapter (10 fiM) (SEQ ID NO. 5) 2 fil 

5X DNA ligation buffer 
(250 mM Tris H(3, pH 7.8, 50 mM MgCtj. 
30 10 mM DTT, 25% PEG 8000, 5 mM ATP) 

T4 DNA ligase (1 unit///!) 1 z" 1 

2. Vortex and spin briefly in an Eppendorf microcentrifuge. 

3. Incubate the tube at 16°C overnight 

4. Heat the tube at 70°C for 5 minutes to inactivate the T4 ligase. 
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5, DUute 1 p\ of the reaction mixture with 250 fil of TrE buffer (20 mM Tricine- 
KOH, pH 95, EDTA 0.2 mM), Heat at 96°C for 2 minutes, then cool on ice. 

PROTOCOL D: 5'- and S'-RACE 
5 1. Prepare enough PCR reaction mix for all PCR reactions. For one PCR reaction 

(50 fi\ total volume) mix the following reagents: 
•10X PCR Buffer 
(200 mM TrisHO, pH 8*55, 160 mM ammonium 

sulfate, 25 mM MgQ^ 1.5 mg/ml BSA) 5 fi\ 

10 HjO . 35/il 

-4 dNTP (10 mM each dATP, dTTP, dCTP, dGTP) 1 p\ 

•25X KlenTaq/Pfu DNA Poiymerase/anti-DNA polymerase 
antibody ("TaqSTART Antibody", CLONTECH, Palo Alto, CA) 
mixture (6,000 units/ml, 37 units/ml, 0.8 mg/ml) 2fi\ 
15 Final volume should be 43 fil The same PCR reaction mixture can be used for both 5'- 

and 3' RACE protocols. 

Mix well by vortexing, then briefly spin the tube in a microcentrifuge. 
2. Mix the components in 0.5 ml PCR test tubes (Perkin-Elmer GeneAmp 0.5 ml 
reaction tubes), in the order shown, according Table 3. 
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Tabled, 


Test Tube No. 


1 


2 


3 


Description 


Negative Control 


5'RACE 


3'-RACE 


Adapter Ligated cDNA 


Sfil 


5/tl 


5/d 


T7 Primer (10 fiM) (SEQ ID NO. 15) 


lfil 


1/tl 


1/il 


5 -RACE gene specific inner primer (10 
MM)' 




1//1 




3'-RACE gene specific inner primer (10 
flM)' 








H 2 0 


lfll 






PCR reaction mix 


43/11 


43 /<I 


43/41 


Final volume 


50/11 


50 fll 


50 //I . 



♦For human beta aain cDNA the sequences of the primers: 
5 -RACE primer: S':ACIXX}TCATACTCCTGCT^ (SEQ ID NO. 

23) 

3'-RACE primer 5 • u\CCTG ACTG ACTACCTCATG AAG ATCCTCA-3 ' (SEQ ID NO. 24) 

For human transferrin receptor cDNA: 
5' -RACE primer 5 ' : GTC AATGTCCCAAACGTCACCAG AG A^3 ' (SEQ ID NO. 25) 
3'-RACE primen 5':CTG<XAGCITTACnXKjAGAACrTGA-3' (SEQ ID NO. 26) 

Note: Tubes 2 and 3 are used to amplify the 5'- and 3' -end of the /7-actin cDNA, and 
tubes 4 and 5 are used for amplifying the transferrin receptor cDNA. 

3. Overlay each test tube with 2 drops of mineral oil and run in thermocycler using 
the following program: 

94°C for 1 minute, followed by 28 cycles at (90°C for 30 seconds, then 
68°C for 5 minutes) 

4. Remove 5 fil from each test tube and subject them to 1.2% agarose gel 
electrophoresis. For comparison purposes, a lkb DNA size marker (Gibco-BRL) 
was also run on the geL 

Example 2 - Genomic Walking 

The subject invention was also used to perform a "genomic walk" upstream from exon 
2 at the 5 '-end of a human tissue plasminogen activator (TPA) gene sequence to the promoter 
region of this gene using genomic DNA and a combination of primers complementary to adapters 
of the subject invention and primers specific to the TPA gene. "Genomic walking" is a technique 
whereby overlapping DNA fragments are sequentially isolated in order to "walk** up or down a 
larger polynucleotide segment, such as a chromosome. 
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Human genomic DNA (4/ig) (CLONTECH, Palo Alto, CA) was digested overnight at 
3TOGin separate test tubes with 80 units of each of the following restriction enzymes: EcoRV. 
Seal PvuII, Sspl or Dral using the buffer recommended by the supplier (Gibco-BRL). The DNA 
was extracted once with phenolAmloroformMoamylalcohol (25/24/1) and precipitated by addition 

5 of l/10th volume 3M NaOAc, 20 fig of glycogen and two volumes of 95% ethanol. The tubes 

were vortexed and immediately centrifuged at 14000 g in a microcentrifuge for 10 minutes. The 
pellets were washed with 80% ethanol and immediately centrifuged as above for 5 minutes, air 
dried and then dissolved in 20/il of 10 mM Tris-HCI. P H 7.5. 0.1 mM EDTA <TE buffer). 10/il 
of DNA was then ligated to an excess of adapter T7-NotSrfA (SEQ ID NO. 6) ovenught at 16«C 

10 using the following: 50mM Tris-Hd. pH 7.6, 10 mM Mgd* OS mM ATP, 10 mM DTT, 5 flU 

adapter T7-NotSrfA and 1 unit of T4 DNA-ligase (Gibco-BRL). The ligation reaction was 
terminated by incubation of the tubes at 70-C for 5 minutes, and diluted 10-fold by addition of 
180 /il of TE buffer. 

A primary PCR reaction was conducted utilizing a thermostable DNA polymerase mixture 
15 comprising Tth polymerase (Toyobo) and Vent polymerase (New England BioLabs) at ratio of 

20:1 (vol/vol). This results in a unit ratio of 50:1. A commercially available enzyme mixture of 
Tth XL (Perkin Elmer) was also used with similar results. Before use, 1 /il (55 fig) of 
"TthSTART" antibody (anti-fin polymerase antibodies, CLONTECH) was mixed with 10 /il of 
the TihfVenl enzyme mixture, 
20 PCR reactions were conducted in 50/il volumes containing 1 /il of ligated DNA 40 mM 

Tris-HCI. pH 93, 85 mM KOAc, 1.1 mM MgOAc, 0.4/iM of the primers T7 (SEQ ID NO. 15) 
and TP A 1 (SEQ ID NO. 21) and 0.8 /il of the fin/Vent enzymeTTthSTART' antibody mixture. 
Cycle parameters were as follows: denaturation at 94°C for 30 seconds and annealing/extension 
at 68-C for 6 minutes except that the first denaturation step was for 1 minute and the final 
25 annealing/extension time was lengthened to 13 minutes. Thirty (30) cycles of primary PCR were 

typically used. 

— A secondary PCR reaction was conducted with 1 /il of a-100-fold dilution of the primary 

PCR product using the same reaction components and parameters as for the primary PCR except 
that primers NotSrf 4 (SEQ ID NO. 18) and TPA2 (SEQ ID NO. 22), 04 /il of the fin/Vent 
30 enzymeATthSTART antibody mixture and 20 cycles were used. PCR products were examined 

on a L2% agarose/ethidium bromide (EtBr) geL For restriction enzyme digestion of PCR 
products. 10 /il of corresponding PCR products were mixed with 12 /il of 10X concentrated 
enzyme buffer, and 10 units of restriction enzyme (Gibco-BRL) and incubated at 37-C for 4 hours. 
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Figure 7 shows that for each restriction digest essentially a single band corresponding in 
length to the distance between the gene-specific primer and the particular restriction site in the 
promoter region of the TP A gene was identified after gel electrophoresis. The identity of the 
amplified products woe also confirmed by restriction enzyme analysis. 

Example 3 - Selective A mplification of DNA Fragments in a Defined Size Range 

The PCR suppression technology of the subject invention was also used to selectively 
amplify cDNA fragments within a defined size range. Specifically, amplification of DNA 
fragments shorter than a certain length was selectively suppressed, while longer DNA fragments 
were efficiently amplified. Several sets of adapters which give efficient amplification of target 
DNA in different size ranges were developed. These include adapters that only allow 
amplification of fragments longer than 500 bp, longer than 1 kb, longer than 2 kb, longer than 3 
kb, longer than 5 kb, and longer than 7 kb. Examples of these size-dependent adapters are shown 
in Table 2. 

In one embodiment of the subject invention, the Na21-Stl9 adapter (SEQ ID NO. 1) was 
used to selectively amplify DNA fragments that were more than 5 kb in length. Specifically, 
double-stranded cDNA was prepared from human skeletal muscle and ligated with adapter Na21- 
Stl9 as described in Example 1. The same PCR amplification protocol set forth in Example 1 
(but without the gene-specific primers) was used, except that in one PCR reaction the Na21 
primer (SEQ ID NO. 14) was used to amplify the cDNA in a defined size range. In a separate 
PCR reaction, the Stl9 primer (SEQ ID NO. 10) (which is complementary to the suppressor 
sequence on the adapter) was used as a positive control to amplify the entire cDNA population. 
The following amplification program was used: 94°C for 1 minute, followed by 15-19 cycles at 
(90°C for 30 seconds, then 68°C for 5 minutes). The amplification products were then run on an 
agarose gel. 

The PCR amplification products from each reaction are shown in Figure 8. Human 
skeletal muscle poly (A) + RNA contains several highly abundant individual RNAs which give 
corresponding bright DNA bands in the size range of 0.1 to 6.5 kb after PCR using the Stl9 
primer (t*, PCR without the size suppression effect, lane 1). However, when the Na21 primer 
is used in the PCR reaction, only selective amplification of the 6J kb band, which corresponds 
to myosin cDNA, was detected (lane 2). All other cDNAs having a length less than 5 kb were 
not amplified under these conditions. 

Example 4 - cDNA library Construction From Total RNA 

A serious problem in the construction of cDNA libraries from total RNA is the very high 
level of amplification of DNA fragments that correspond to cDNA that is reverse transcribed from 
the poly (A) - RNA fraction or genomic DNA impurities. The PCR suppression technology of 
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the subject invention was used to selectively suppress amplification of the cDNA fraction 
corresponding to the poly(A)- RNA or genomic DNA Human skeletal muscle cDNA was 
prepared and T7-NotSrf adapter (SEQ ID NO. 5) was ligated to a whole cDNA population as 
described in Example 1. PCR amplification was then performed as described in Example 1, except 
5 that the RI-Not-T30 primer (SEQ ID NO. 20) (which is complementary to the internal poly A 

sequence of all poly (A) + RNAs) was used in combination with the outer suppressor-specific 
primer T7 (SEQ ID NO. 15). cDNAs which do not possess internal pory(A) sequences cannot 
be efficiently amplified because they form the -pan-like" suppressor structure during the PCR 
reaction. 

10 Figure 9 shows that the banding pattern of PCR products obtained from total RNA (lane 

3, 4) amplified as described above is very similar to the pattern obtained using cDNA reverse 
transcribed from poly (A) + RNA (lane 1, 2). As a control, standard adapter AdlSOT (SEQ ID 
NO. 7), which lacks a suppressor sequence portion, was ligated to cDNA obtained from total 
RNA The PCR primer NalSOT (SEQ ID NO. 16), which corresponds to the upper strand of 

15 the Ad 1SGT adapter, was added and the mixture subjected to PCR (The results are shown in lane 

5). In the absence of the suppression effect of the subject invention, the banding pattern of PCR 
products amplified from cDNA derived from total RNA does not correspond to the pattern of 
PCR products amplified from cDNA reverse transcribed from poly (A) + RNA 

20 p yampte 5 - O peration of F"Mracted cDNA 

The PCR suppression technology of the subject invention has also been used with a 
subtracts hybridization protocol. Double-stranded cDNA prepared from human skeletal muscle 
and digested with Rsa I restriction endonudease was used as the driver DNA A mixture of 
human skeletal muscle cDNA combined at different ratios with Rsa I digested phiX174 plasmid 
25 DNA (CLONTECH) was used as the tester DNA 

Human skeletal muscle cDNA was prepared as described in Example 1, Protocol B. The 
double-stranded cDNA was subdivided into two test tubes (tester DNA and driver DNA test 
tubes). Either 0.1% or 0.01% of phiX174 DNA was added to the tester DNA test tube and the 
cDNA fractions in both tubes were digested using 10 units of Rsa I restriction endonudease per 
^0 lfig of DNA for 2 hours at 37«C in a buffer contouring 10 ntM Bfc Tris Pro^M-HOriO mM 

Mg Cl 2> and 1 mM ditbiotbreitol, pH 7.0. After a phenol/chloroform extraction and ethanoi 
predpitation, adapters T7-NotSrf (SEQ ID NO. 5) and Na21-Stl9 (SEQ ID NO. 1) were ligated 
to the tester DNA (03 fig) * se P snlc « tubes < A and B - ^esponiing to DNA ligated with 
adapter T7-NotSrf and adapter Na21-Stl9, respectively) as described in Example 1. Protocol C 
35 For subtractive hybridization. 03 fig of tester DNA and 45 fig of driver cDNA were 

mixed (in both tube A and B), ethanol-predpitated. dissolved in 3 /il of HB buffer (50 mM 
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HEPES-KOH, pH 83, 05 U Nad, 03 mM EDTA, 10% Polyethylene glycol (8,000)), overlaid 
with 25 fi\ of mineral oil (Perkin-Elmer Cetus), denatured at 94°C for 2 minutes and hybridized 
for 10 hours at 68°C Next, the contents of both tubes A and B were mixed together, then 5 fig 
of freshly heat denatured (94°C for 2 minutes) driver DNA in 1 /il of HB buffer was added and 

5 hybridized for an additional 10 hours at 68°C At the end of the hybridization, the resulting 

cDNA was diluted in 120/^1 of HSE buffer (10 mM HEPES-KOH, pH 83, 50 mM KO, 0.2 mM 
EDTA), heated at 72°C for 10 minutes and amplified as described in Example 1, Protocol D (but 
without the gene-specific primers) using PCR primers T7 and Na21, except that the following 
PCR program was used: 75°C for 5 minutes, then 94°C for 1 minute, followed by 25 cycles at 

10 (90°C for 30 seconds, then 68*C for 5 minutes). The first PCR program step (75 P C for 5 minutes) 

is required to fill in ends of the re-annealed tester DNA before PCR cycles. After the first round 
of PCR, the PCR mixture was diluted 100-fold in HSE buffer and subjected to a second round 
of "nested" PCR- This round of PCR was carried out as described for the first round of PCR but 
using the following nested PCR primers; 

15 Stl9 (SEQ ID NO. 10): 5'-AGGGCGTGGTGCGGAGGGC-3' 

NotSrfl (SEQ ID NO. 17): 5'-TCGAGCGGCCGCCCGGGCAGGT-3' 
Final PCR products were analyzed on a 6% aoylamide - 7M urea gel or a 2% agarose gel 

Figure 10 shows the efficiency of enrichment of plasmid DNA in the tester cDNA after 
one round of subtractive hybridization using 25-fold overall excess of driver cDNA, followed by 

20 amplification of the subtracted cDNA. Subtractive hybridization enrichment of tester cDNA 

containing 0.1% (lane 2) or 0.01% (lane 3) of plasmid DNA by driver cDNA gave bands that 
corresponded primarily to pure plasmid DNA (shown in lane 5) (each band corresponds to about 
0.002% abundance of total cDNA); the bands corresponding to human skeletal muscle cDNA 
(lane 1 and lane 4) were eliminated. These results show that after one round of subtractive 

25 hybridization using the PCR suppression technology of the subject invention at least a several 

hundred-fold enrichment of rare DNA sequences that are present in the tester but absent in the 
driver DNA population (i*. f those sequences comprising 0.002% or less of the total messenger 
population) can be achieved. 

The PCR suppression method of the subject invention was also used to generate a testis- 

30 specific cDNA library. cDNAs synthesized from human testis poly (A) + RNAs were subtracted 

against a mixture of cDNAs derived from poly A*RNAs of 10 different human tissues: heart, 
brain, placenta, lung, liver, skeletal muscle, kidney, spleen, thymus, and ovary. To examine the 
efficiency of subtraction, the mixtures of unsubtraaed and subtracted testis-specific cDNAs were 
labeled and hybridized to Northern blots of multiple human tissues. The results are shown in 

35 Figure 11A and 11B. The unsubtracted testis cDNA probe (Figure 11 A) hybridized strongly to 

all RNA samples on the blot and possibly to the common or homologous species of mRNAs 
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among the human tissues. The subtracted, testis-spedfic cDNA probe hybridized strongly to the 
testis RNA but very weakly to all other RNAs (Figure 11B). Previous studies, under similar 
conditions, suggested that for an individual cDNA to produce any signal in tbe Northern blot, its 
concentration needs to be at or greater than 0.1-03% of the cDNA mixture. Accordingly, the 
5 Northern blot analysis indicates that we achieved a high level of enrichment of testis-specific 

cDNA, and at the same time, a drastic reduction of highly abundant and/or common cDNAs. 

Eaq mplft * - Selective Recovery oj r " fflmn " Sequences Shared bv Two Comnlex and Partially 
Coincident cDNA Mixtures 

10 pcr suppression technology of the subject invention was used to construct a cDNA 

library that is enriched for those cDNA sequences that are conserved between human (HeLa) and 
hamster (Chinese hamster fibroblasts) cell lines. First-strand cDNA was synthesized from HeLa 
poly (A) + RNA using the Lu3-T13 primer (SEQ ID NO. 8). First-strand cDNA was prepared 
from hamster fibroblast poly (A) + RNA using the Lu4-T13 primer (SEQ ID NO. 9). The cDNAs 

15 were prepared in separate test tubes. Oligo (dA) terminal tailing of the first-strand cDNA by 

terminal transferase, followed by amplification of the cDNA using either primer Lu3-T13 or Lu4- 
Xi 3 was carried out essentially as previously described (Belyavsky et al 198°). PCR cDNA 
products from each test tube were treated with exonudease III under conditions of partial 
digestion and then mixed, hybridized and amplified using a combination of the Lu3 (SEQ ID NO. 

20 13) and Lu4 (SEQ ID NO. 19) primers (Lisitsyn et al, 1993). The final conserved (between 

human and hamster) PCR cDNA products were cloned into a "pBLUESCRJPT IT (KS+) vector 
(Stratagene, LaJolia, CA). 

Plasmid DNA from 25 random clones was purified and then hybridized (in dot-blot 
format) with poly (A) + RNA purified from human HeLa and hamster fibroblast cells. All 25 

25 cDNA clones showed a hybridization signal of similar intensity with both poly(A) + RNAs, even 

under very stringent hybridization conditions (hybridization - 2xSSQ 68°Q washing stage - 
aixSSQ 70°C). Inserts from the five clones which gave the biggest differences in hybridization 
signal for the human and hamster poly(A) + RNA have been sequenced and analyzed for 
homology in aDNA sequence database (EMBL Data Library) u sing the GOO FASTA p rogram 

30 (University of Wisconsin). Two clones corresponded to the sequence of human H3.3 bistone 

cDNA, a gene which is more than 96% conserved in DNA sequence among all mammali a n species 
examined thus far (Wells et al, 1987). One clone contained the sequence of a pory(A)-binding 
protein, which is also highly conserved in mammals (90% homology). The DNA sequence of the 
final two clone inserts did not correspond to any homologous sequence in the DNA database; 

35 however, PCR primers synthesized using the sequence of these two clones produced identical size 

PCR products using human and hamster genomic DNA as a template. Thus, the cDNA library 
obtained using the PCR suppression technology according to the subject invention contained at 
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least 96% of the cDNA clones that were conserved between human and hamster DNA at the 
nucleotide sequence level 



It should be understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
application and the scope of the appended claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) Applicant Name: Clontech Laboratories, Inc. 
Street address: 4030 Fabian Way 

City: Palo Alto 

State/Province: California 

Country: US 

POa ^nTt^\ UK 424-8222 Fax: (415, 424-1064 

(ii, TITLE OF INVENTION: METHOD FOR SUPPRESSING DNA FRAGMENT 
AMPLIFICATION DURING PCR 

(iii, NUMBER OF SEQUENCES: 

/iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Saliwanebix 6 SaliwanchiJc 

(B) STREET: 2421 N-W. 41st Street, Suite A-1 

(C) CITY: Gainesville 

(D) STATE: Florida 
(E, COUNTRY: USA 
(F) ZIP: 32606 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C\ OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY / AGENT INFORMATION: 
/A) NAME: Pace, Do ran R. 

(B) REGISTRATION NUMBER: 38,361 

(C) REFERENCE/DOCKET NUMBER: CL-4 

fix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (904) 375-8100 
(B, TELEFAX: (904) 372-5800 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 bases 

(B) TYPE: nucleic acid 

„ (C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

TGTAAGCGTG AAGACGACAG AAAGGGCGTG GTGCGGAGGG CGCT 
44 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 bases 

(B) TYPE: nucleic acid 
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(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 2: 

CGACGTGGAC TATCCATGAA CGCAACTCTC CGACCTCTCA CCGAGCGGT 
49 



(2) INFORMATION FOR SEQ ID NO: 3s 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH i 42 bases 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CTCTGGCATC AACTCGGACT ATCTCTTCGT CATCTCACCA AG 
42 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 bases 

( B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY r linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

AGCACTCTCC AGCCTCTCAC CGCAATAGCG TGGTCTGCAG GGATGGGT 
48 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CTAATACGAC TCACTATAGG GCTCGAGCGG CCGCCGGGGC AGGT 
44 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

CTAATACCAC TCACTATAGG GCTCGAGCGG CCGCCCGGGC AGGT 
44 

(2) INFORMATION FOR SEQ ID NOx7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

AAGCAGCAGT GGTAACAACG CAGAG 
25 



(2) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

AGCACTCTCC AGCCTCTCAC CGCAGTCGAC CGTTTTTTTT TTTTT 
45 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

ACCGACGTGG ACTATCCATG AACGCAGTCG ACCGTTTTTT TTTTTTT" 
47 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
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AGGGCGTGGT GCGGAGCGC 
19 



(2) INFORMATION FOR SEQ ID NO: 11: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 bases 

(B) TYPE: nucleic acid 

(C) STRAND EDNES S : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

ACTCTCCGAC CTCTCACCGA G 
21 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 bases 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

CTCTGGCATC AACTCGGACT A 
21 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 bases 

(B) TYPE: nucleic acid 

(C) ST RAND ED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

AGCACTCTCC AGCCTCTCAC CGCA 
24 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 bases 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 14: 



TGTAAGCGTG AAGACGACAG AA 
22 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 bases 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY i linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GGATCCTAAT ACGACTCACT ATAGGGC 
27 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

AAGCAGCAGT GGTAACAACG CAGAG 
25 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

TCGAGCGGCC GCCCGGGCAG GT 
22 



(2) INFORMATION FOR SEQ ID NO: IB: 

( i)—SEQXJENCE CHARACTERISTICS: 

(A) LENGTH: 17 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO:18: 

AATAGGGCTC GAGCGGC 
17 
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(2) I NFORMAT ION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 bases 

(B) TYPE: nucleic acid 

(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

CGACGTGGAC TATCCATGAA CGCA 
24 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH: 50 baseB 

(B) TYPE: nucleic acid 

(C) STRANDED NESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

TTCTAGAATT CAGCGGCCGC TTTTTTTTTT TTTTTTTTTT TTTTTTTTTl' 
50 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

AGAAACCCGA CCTACCACGG CTTGCTCCTT 
30 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDED NESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

CCCTTTCCTC GCAGAAATTT TCTCTCCAGC 
30 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 35 bases 
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(B) TYPE* nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION! SEQ ID NO: 23: 

ACTCGTCATA CTCCTGCTTG CTGATCCACA TCTGC 
35 

(2) INFORMATION FOR SEQ ID NO: 24: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

ACCTGACTGA CTACCTCATG AAGATCCTCA 
30 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

GTCAATGTCC CAAACGTCAC CAGAGA 
26 

(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (synthetic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

CTGCCAGCTT TACTGGAGAA CTTGA 
25 
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Qaims 



1 1. A method for selectively suppressing the amplification of a non-target nucleic acid 

2 fragment, comprising the steps o£ 

3 (a) attaching a PGR suppression adapter to the end of a nucleic acid fragment; 

4 (b) contacting said nucleic acid fragment having said attached adapters with a nucleic acid 

5 primer comprising a nucleotide sequence that is complementary to a portion of the nucleotide 

6 sequence of said adapter; 

7 (c) adding to said mixture obtained after step (b) an effective amount of reagents 

8 necessary for performing a PCR; and 

9 (d) cycling the mixture obtained after step (c) through at least one cycle of the 
10 denaturing, annealing and primer extension steps of PCR to obtain an amplification product 

1 2. The method, according to claim 1, wherein said adapter comprises a primer binding 

2 sequence portion and a suppressor sequence portion. 

1 3. The method, according to claim 1, wherein said adapter is selected from the group 

2 consisting of Na21-Stl9 (SEQ ID NO. 1), Lu4-Stll (SEQ ID NO- 2), Na23-St7 (SEQ ID NO. 3), 

3 Lu3-St24 (SEQ ID NO. 4), T7-NotSrf (SEQ ID NO. 5), T7-NotSrlA (SEQ ID NO. 6), AdlSGT 

4 (SEQ ID NO. 7), Lu3-T13 (SEQ ID NO. 8) and Lu4-T13 (SEQ ID NO. 9> 

1 4. The method, according to claim 1, wherein said primer is selected from the group 

2 consisting of Stl9 (SEQ ID NO. 10), Stl (SEQ ID NO. 11), Na23 (SEQ ID NO. 12), Lu3 (SEQ 

3 ID NO. 13), Na21 (SEQ ID NO. 14), T7 (SEQ ID NO. 15), NalSGT (SEQ ID NO. 16), NotSrf 1 

4 (SEQ ID NO. 17), NotSrf4 (SEQ ID NO. 18), Lu4 (SEQ ID NO. 19), Lu3-T!3 (SEQ ID NO. 8), 

5 LU4-T13 (SEQ ID NO. 9), and Rl-Not-T30 (SEQ ID NO. 20). 

1 5. The method, according to claim 1, wherein step (b) comprises contacting said nucleic 

2 acid fragment with a first primer comprising a nucleotide sequence that is complementary to a 

3 portion of the nucleotide sequence of said adapter, and wherein step (b) further comprises 

4 contacting said nucleic acid fragment with a second nucleic acid primer comprising a nucleotide 

5 sequence that is complementary to a portion of the nucleotide sequence of said target nucleic acid 

6 fragment to yield an amplification product having one terminus with a nucleotide sequence 

7 complementary to said first primer and a second terminus with a nucleotide sequence 

8 complementary to said second primer. 
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1 6. The method, according to claim 5, further comprising the steps o£ 

2 (e) determining the nucleic acid sequence which is directly adjacent to said PCR 

3 suppression adapter of the PCR amplification product obtained in step (d); 

4 (0 preparing a second nucleic add primer comprising a nucleotide sequence that is 

5 complementary to all or part of the sequence obtained in step (e); 

6 (g) obtaining a nucleic acid augment which comprises the sequence determined in step 

7 (e) and further comprising nucleotides upstream of said determined sequence; 

g (h) attaching a PCR suppression adapter to each end of said nucleic acid augment 

9 produced in step (g); 

10 (i) contacting said nucleic acid fragment with a first primer comprising a nucleotide 

11 sequence that is complementary to a portion of the nucleotide sequence of said adapter and 

12 further contacting said nucleic acid fragment with a second nucleic acid primer comprising a 

13 nucleotide sequence that is complementary to the sequence determined in step (e); and 

14 (j) repeating steps (c) and (d). 

1 7. The method, according to claim 6, wherein said nucleic add fragment of step (g) is 

2 obtained by digesting said fragment with a restriction endonuclease. 

1 8. The method, according to claim 1, wherein the PCR cycling of step (d) is repeated 

2 at least 5 times. 

1 9. The method, according to daim 1, wherein step (b) further comprises adding an 

2 antibody that reversftly binds to and inhibits activity of a polymerase in a temperature-spedfic 

3 manner wherein said polymerase is used in the primer extension step of the PCR. 

1 10. A method for selectively suppressing the amplification of a non-target nucleic add 

2 fragment in a mixture of nudeic add fragments, comprising the steps of: 

3 (a) attaching a first PCR suppression adapter to the end of a nucleic add fragment in 

4 a first nudeic add sample, anTatta7hing^ seroiri ^ of a 

5 nucleic add fragment in a second nucleic add sample; 

6 (b) combining said first and second nudeic add samples to form said mixture of nucleic 

7 add fragments; 

8 (c) denaturing and reannealing said nudeic add fragments; 

9 (d) contacting the nucleic add mixture with a first nucleic add primer comprising a 

10 nudeotide sequence that is complementary to a portion of the nudeotide sequence of said first 

11 adapter and contacting the nudeic add mixture with a second nudeic add primer comprising a 
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12 nucleotide sequence that is complementary to a portion of the nucleotide sequence of said second 

13 adapter, 

14 (e) adding to said mixture obtained after step (c) an effective amount of reagents 

15 necessary for performing a PGR; and 

16 (f) cycling the mixture obtained after step (e) through at least one cycle of the 

17 . denaturing, annealing and primer extension steps of PGR. 

1 11. The method, according to claim 10, wherein step (e) further comprises filling in any 

2 single-stranded portions of said adapter after denaturing and reann eating of said nucleic acid 

3 fragments, wherein said adapter and said nucleic acid fragment comprise nucleic acid that is 

4 double-stranded. 

1 12. A method for selectively suppressing the amplification of a non-target nucleic acid 

2 fragment in a mixture of nucleic acid fragments, comprising the steps of: 

3 (a) dividing a nucleic acid sample into a first and a second nucleic acid sample; 

4 (b) attaching a first PGR suppression adapter to the end of a nucleic acid fragment in ' 

5 said first nucleic acid sample and attaching a second PGR suppression adapter to the end of a 

6 nucleic add fragment in said second nucleic acid sample; 

7 (c) denaturing and reann eating said nucleic acid fragments; 

& (d) combining said first and second nucleic acid samples to form said mixture of nucleic 

9 acid fragments; 

10 (e) contacting said nucleic acid mixture with a first nucleic acid primer comprising a 

11 nucleotide sequence that is complementary to a portion of the nucleotide sequence of said first 

12 adapter and contacting said nucleic acid mixture with said second nucleic acid comprising a 

13 nucleotide sequence that is complementary to a portion of the nucleotide sequence of said second 

14 adapter, 

15 (0 adding to said mixture obtained after step (e) an effective amount of reagents 

16 necessary for performing a PCR; and 

17 (g) cycling the mixture obtained after step (f) through at least one cycle of the 

18 denaturing, annealing and primer extension steps of PGR. 

1 13. The method, according to claim 12, wherein the reannealing reaction of step (c) is 

2 not allowed to proceed to completion. 

1 14. The method, according to claim 12, wherein said first and second nucleic acid samples 

2 are each separately contacted with an excess of a third nucleic acid sample after performing step 

3 (b) but prior to performing step (c). 
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4 15. The method, according to claim 14, wherein said third nucleic acid sample comprises 

5 nucleic acid sequences that are complementary with at least one nucleic acid fragment in said first 

6 and second nucleic acid samples. 

1 16. The method, according to claim 12, wherein step (c) further comprises filling in any 

2 single-stranded portions of said adapter after denaturing and reannealing of said nucleic acid 

3 fragments, wherein said adapter and said nucleic acid fragment comprise nucleic add that is 

4 double-stranded. 

1 17. A PCR suppression adapter, comprising a polynucleotide primer binding sequence 

2 and a polynucleotide suppressor sequence. 

1 18. The PCR suppression adapter, according to claim 17, wherein said adapter is selected 

2 from the group consisting of Na21-Stl9 (SEQ ID NO. 1), Lu4-Stll (SEQ ID NO. 2), Na23-St7 

3 (SEQ ID NO. 3), Lu3-St24 (SEQ ID NO. 4). T7-NotSrf (SEQ ID NO. 5). T7-NotSrfA (SEQ ID 

4 NO. 6). AdlSGT (SEQ ID NO. 7), Lu3-T13 (SEQ ID NO. 8) and U.4-T13 (SEQ ID NO. 9). 

1 19. A primer for PCR amplification of a nucleic acid fragment, said primer comprising 

2 a polynucleotide sequence complementary to a polynucleotide sequence of the PCR suppression 

3 adapter of claim 17. 

1 20. The primer, according to claim 19, wherein said primer is selected from the group 

2 consisting of Lu3-T13 (SEQ ID NO. 8), Lu4-T13 (SEQ ID NO. 9), Stl9 (SEQ ID NO. 10). Stl 

3 (SEQ ID NO. 11), Na23 (SEQ ID NO. 12), Lu3 (SEQ ID NO. 13). Na21 (SEQ ID NO. 14), T7 

4 (SEQ ED NO. 15), NalSGT(SEQ ID NO. 16), NotSrfl (SEQ ID NO. 17), NotSrf4 (SEQ ID NO. 

5 18), Lu4 (SEQ ID NO. 19). Lu3-T13 (SEQ ID NO. 8). Lu4-T13 (SEQ ID NO. 9). and RI-Not- 

6 T30 (SEQ ID NO. 20). 

1 21. The method, according to claim 14, wherein said mixture of nucleic add fragments 

2 in step (d) is contacted with an excess of said third nucleic add sample. 

1 22. The method, according to chum 5, wherein said amplification product is further 

2 contacted with a third nucleic add primer comprising a nucleotide sequence that is complementary 

3 to a portion of the nucleotide sequence of said adapter, wherein said third nudeic add primer 

4 binds to said adapter at a sequence downstream from said first nuddc add primer. 
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1 23. The method, according to claim 14, further comprising screening defined 

2 polynucleotide sequences immobilized at pre-defined locations on a solid support matrix, wherein 

3 said defined polynucleotide sequences are screened with the amplification product obtained after 

4 PCR in step (g). 
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